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PaccMOTpeHBI anmapaTHBIE CPENCTBA, MUPOKO MPUMEHAEMBIE 71 IOCTPOEHNUST CUCTEM ABTOMA~
TU3AIUN SIIEKTPOPU3NIECKUX YCTAHOBOK. DTH YCTPOUCTBA CTAJIU AIMAPATHON OCHOBOU HUXKHE-
r'O YPOBHS aBTOMATHU3AINY 3JIEKTPOPUINIECKIX YCTAHOBOK, CO3MABAEMBIX VIHCTUTYTOM SIepHOI
¢usuku CO PAH, xax B camom UHcTUTYyTE, TaK U B OPYTUX HAYYHBIX neHTpax. O6CyKIarTcs
TpeGOBAHUSA K TAKUM CPEICTBAM, OIMUCHIBAIOTC OCOOEHHOCTH CXEMOTEXHUKN U (Y HKITMOHAILHBIE
BO3MOXKHOCTH. PaccMaTpuBalOTCs HEKOTOPBIE TPAKTUYECKIE TPUMEHEHNS.

Karouesvie ca06a: cucTeMa yIpaBIIeHNs, JIEKTPOPU3NIECKas YCTAHOBKA, ABTOMATH3AINS,
kouTpoiutepsl, CANbus.

Beenenne. NucturyT snepuoit pusuku (M91P) CO PAH npoexTupyer u co3maéT 571€KTpo-
(usmueckume yCTAHOBKU KakK My (PYyHIAMEHTATBHBIX MCCICHOBAHUIN, TaK W /I TPUKJIATHBIX
paboT. OTO YCKOPUTEIHHO-HAKOMUTE/IbHBIE KOMILIEKCHI, JIa3ePhl HA CBOOOMHBIX 3JIEKTPOHAX
(JICO), MCTOYHUKN CHHXPOTPOHHOTO U3JIyUEHUs, YCKOPUTEIbHBIE MACC-CIEeKTPOMETPBI, yCTa-
HOBKW DJIEKTPOHHO-JIYUEBOI CBApPKW U MHOTHe mapyrue. Taxue yCTaHOBKU SIBIISIIOTCS YHUKAIIb-
HBIMU, OOJIBINIAs YaCTh CHUCTEM U KOMIIOHEHTOB MPOEKTUPYETCS W MPOU3BOMUTCS I KA IO
YCTAHOBKU UHIWBUIYAIBHO.

OueBumHO, 9TO OMHA W3 BaXXHBIX CUCTEM MAHHBIX YCTAHOBOK — CHCTeMa ympasjeHus. B
Nod CO PAH cucrembr aBTOMATH3AINN 3JIEKTPOPUNIECKIX YCTAHOBOK TPAMUIIMOHHO Oa3u-
pytoTcs Ha co6cTBeHHBIX pa3zpadboTkax. B 1970-90-e romsr anmapaTHON OCHOBOI CUCTEM aBTOMA-
TU3AINY SBIISIINCH MATUCTPAITBHO-MOMY/IBHBIE CUCTEMBI. [[J1s 0Te9eCcTBEHHBIX HKCIIEPUMEHTAIThb-
HBIX yCTaHOBOK mpuMensics crapnapT KAMAK, pacmser koroporo npuméncs xa 1980-e romsr.
B Tor mepuon B UucturyTe smepuoit pusuku 6bin paspaboran mmpokwit ciektp KAMAK-
MOMYJIeH, TIO3BOJISBIIUN PEIaTh MPAKTUIECKN BCE PEASIbHBIE 3a0aUl aBTOMATU3AINN (DU3TIEC-
KX YCTaHOBOK.

Ha »Tane moMmHUPOBAHUS MAruCTPAITBEHO-MOMY/IBHBIX CUCTEM OMICAHHBIE CUCTEMBI OOCITY-
JKUBAJINCh KPEUTaMU ¢ MOMYJISIMU Y3KOU CIENNAIN3aIINN: aHaJIOro-In(POBLIe Tpeodpa3oBaTesu,
KOMMYTATOPBI AHAJIOTOBLIX CUTHAJIOB, PErUCTPBI BBOMA/BIBONa U T. . Ilpu mpoekTupoBanum
CHACTEMBI IIOIONPAIIOCh HEOOXOOMMOe cOueTaHNe yCTPOUCTB.

B macTosiee BpeMs WCIIONB30BaHUE KAKOW-TMOO MArMCTPAIbHO-MOMY/IBHON CUCTEMBI
(KAMAK, VME, c¢PCI u np.) B 607IbIITHCTBE 32189 aBTOMATU3AINN YCKOPUTETHHBIX YCTaAHO-
BOK BBITVISIAUT HE CTOJb OYEBUIHBIM, Kak 3TO Ob1I0 B 1980-¢ Tombl. DIeKTPOHHOE YCTPORCTBO,
KOTOpOe TPpeboBaJIO TEJION MeYUaTHON MIaThl, CETOMHS PEAN3yeTCs OMHOU—IBYMS MUKPOCXEMa-
M. COIMPOBOXKIIEHNE TAKOTO YCTPONCTBA MapAJIeTbHEIM THTeP(ENCcOM, KOHTPOIIIIEPOM, Kpe-
TOM U AHAJIOTOBBLIMU TPacCaMU He BBITVISAUT OMPaBIAHHBIM. Bojiee MpuBIeKaTeTbHBIM IIpe-
CTABIIIETCS STU yCTPOMCTBA BCTPAUBATH HEMOCPENCTBEHHO B YIPABIIEMYIO ammaparypy (uc-
rTouHuknu nuranus, BU-reneparoper u T. 11.), a ¢ yupasisiomein OBM coenuHaTh UX HEMOPOrUM
cereBbiM uHTepdeticom. K 2000-My romy moTpeGHOCTU HOBBIX MPOEKTOB [, 2] mHUIMUpOBAIMA
IEPeCMOTP MPEXKHUX TEXHOJIOTUN aBToMaTm3anuu, TeM 6osee uTo B 1990-X rogax sneKTpoHHAs
MPOMBIIIJIEHHOCTH CO3/1ajIa MPEANOChIIKI Tl HOBOTO ITara pa3paboTdunKOB B 3TOM HaIlpaBIIe-
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wun. HIupokas raMMa OMHOKPUCTAIIBHBIX MUKPOITPOIIECCOPOB, HEMOPOTUE CEeTeBbIe MHTEP(MENCHI,
BBICOKasT (QYHKIIMOHAITbHAS HACBITIEHHOCTh MUKPOCXEM — BCE 3TO TO3BOJIMJIO CO3MIATh almapa-
TYpPYy MaCCOBOM aBTOMATHU3AIIMN HOBOT'O TTOKOJIEHMS.

[leny manHOW MyOIUKANUu — MPEOCTABUTH pa3pabOTKy HAaOOpa MHOTODYHKINOHAIBHBIX
YCTPOUCTB YOPAaBIEHUS W KOHTPOJIS OJIsI TOCTPOEHMWSI CUCTEM aBTOMATHU3AINN YCKOPUTETHHBIX
YCTaHOBOK.

TpeboBaHus K anmmapaTHBIM CPeACTBAM CHUCTEM yIIpaBiieHus. Paccmorpum Tpebo-
BaHUS K allllapaTHBIM KOMIIOHEHTAM CUCTEM yNPaBIIEHUS 3JIeKTPOPU3NIECKUIMI yCTAHOBKAMUT
Ha IIpUMepPe CUCTEM JIJIsT YCKOPUTETbHBIX KOMIIJIEKCOB. Panmorexanueckoe 000pyIOBaHIE TaKUX
YCTAHOBOK COCTOUT M3 CIIEMYIOIINX OCHOBHBIX CHUCTEM.

1. Cucrema 57I€KTPONUTAHNS MATHUTHBIX 5JIEMEHTOB ([IOBOPDOTHBIX MATHUTOB, JINH3 1 KOD-
PEKTUPYIOIINX MAIHUTOB) BKIIIOUAET B ce0sI yIPABIISIeMble NCTOYHUKI TOKA C BBIXOIHBIM TOKOM
or 1 A mo 10 kA co crabunsHOCTBIO 0T 1 mo 0,001 %. Kaxkmelil mCTOYHIK TOKa, KaK IIPABHIIO,
VIIPaBIISIETCS HATPSKEHTEM OT I(POAHAIIOTOBOTO TTPe0OPA30BATENST COOTBETCTBYIOIIEN TOTHO-
ctu. Kpome Toro, mims HagéXHOH PabOTHI YCTAHOBKH HEOOXOMUMO KOHTPOIUPOBATH PEATBHYIO
BE/IMYNHY BBIXOMHOTO TOKAa C AHAJIOTUYIHON TOYHOCTBIO, & TaKXKe HAIPsKEeHHe Ha Harpyske. Bo
MHOTHX CITydasX TPeOYIOTCs €IIé U AUCKPETHBIE CUTHAIBL (MHANKATOD CpabaThIBAHUS 3AI[ITHL
YCTPOICTBA, yIPABIEHNe BKIIIOYEHINEM MCTOUYHUKA U T. II.). KOoImuecTBO KAHATIOB yIPABIICHUS
IIJIST MArHUTHOW cucTeMbl 00BI9HO cocTaBisgeT H0-1000, a m3MepuTenbHBIX KaHAJIOB B 2—4 pasa
DoJbI1IE.

2. NvmynbcHBIE cHCTEMBI comepKaT WCTOYHUKU WUMITYJILCHOTO TOKA IS TUTAHUS HIle-
MEHTOB 3JIEKTPOHHO-ONTUYECKNX KAHAJIOB, NMPEIHA3HAUEHHBIX IS TPAHCIOPTUPOBKU ITYYIKOB,
nHIEK TOPHO-NePIeKTOPHBIE CUCTEMBI, WHXKEKTOPBL W T. . [l OOCIIy:KUBaHUS TaKUX CUC-
TeM TpeOyIOTCs Te XKe NMPPOAHAIIOTOBBIE W aHAJIOTO-ITNMPOBLIE TPeoOPa30BATEIN CO CTAOUIb-
HOCTBIO OT 1 110 0,01 %), u3mepuTenu UMITYILCHBIX CUTHAJIOB (TOYHbIE 3HAUEHUSI B ONPEIeIEHHBIN
MOMEHT BPEMEHN! JINOO0 OCIIITIOTPAMMBI ), TEHEPATOPLI U M3MEPUTENIN BPEMEHHEIX MHTEPBAJIOB
¢ paspemerueM oT 50 HC (IS 5JIEKTPOHHO-ONTUYECKNX KAHAJIOB) MO COTEH MUKOCEKYHI (miis
UHDIEK TOPHO-AePIIEK TOPHBIX KAHAJIOB), AUCKPETHBIE KAHAJIBI BBOAA U BhiBoma. KommuecTBo Ka-
HaJIOB VIIPaBJIEHUS B 9TOU cucTeMe oObITHO He TpeBbiiaeT 200, a kanaaoB KoHTposs — H00.

3. BricokouacToTHas cucTeMa — 3TO TeHepaTopbl BU-MoOITHOCTH, KOTOpPBIE TSI OOCITY K1~
BaHUS TPeOyIOT IPUMEPHO Te XKe yCTPONUCTBA yIpaBIEHUS U KOHTPOJS, UTO U MMIIYJILCHbBIE
UCTOIHUKH.

4. TexHONOrUYECKNE CUCTEMBI BBITTOIHSIIOT U3MEPEHUS] TEMIEPATYPHI PA3TUIHBIX HJIEMEH-
TOB YCTAHOBKM, BaKyyMa, YPOBHS panuanuu. [ ux obcimyxuBaHus TpeOyoTCsS IPenMyIIecT-
BEHHO M3MepPUTEeIbHbIE KAHAIBI HEBBICOKON TOYHOCTHU, HO WX KOJIUYECTBO COCTABIISIET COTHU U
TBICSTYU.

5. CucTeMbl MUATHOCTUKY MTYYKOB Ha YCKOPUTEIbHO-HAKOMUTE/THLHBIX KOMIIJIEKCAX UPE3BbI-
JaHO pazHooOpa3Hbl. 3MepstoTes 3apsil u MOT0KEHIE IEHTPA TSIXKECTH CTYCTKA YaCTHIl, TOPHU-
30HTAJIbHBIN, BEPTUKAIBHBIN U TPONOIbHBIN npoduin, sueprust u T. A. O01ieir 0cCO6EeHHOCTHIO
BIIEKTPOHUKN, UCTIOTB3YEMO B CUCTEMAX OUATHOCTUKM ITYYKOB, SIBIISIETCS paboTa ¢ OYeHb IIH-
POKIM YaCTOTHBIM CIIEKTPOM — OT MEIJIEHHO M3MEHSIONINXCS HANPSXKEHNN OO CUTHAJIOB ONTH-
YEeCKOr0 OraIal3oHa.

6. CucremMa CHHXPOHU3AIINN, OPraHU3YIOIIAs BPEMEHHBbIE MUarPaMMbI I OOJILITMHCTBA
MIOJICUCTEM HKCIEPUMEHTAIBHON yCTAHOBKM.

Texuuueckue penieHusi. OCHOBOI HOBOTO IOKOJIEHUs ANIAaPATHBIX CPEICTB aBTOMAaTH-
3aI TPENJIOKEHO CAeIaTh MHOTO(MYHKIIMOHAIBHBIE YCTPONCTBA C ONTUMAIBHBIM HAOOPOM pe-
CYPCOB, BCTpamBaeMble B YIIpaBiseMoe OOOPYIIOBaHUE U CHAOXKEHHLIE CETEBBIM MHTEPGHENCOM.
BaxHBIM MOCTOMHCTBOM TaKOW apXUTEKTYPHI SBISETCS JTUKBUOAINS MHOXKECTBA BHEIITHUX CO-
eOUHEHNN MEXIY Pa3INIHBIMUI yCTPONUCTBAMU W, KaK CIIENCTBUE, 3HAUNTEITHHOE TOBBIIIEHTE
HANIEXKHOCTU CUCTEMBl aBTOMATHU3AINY, CYIIIECTBEHHOE CHUKEHUE DKCITYaTAIIMOHHBIX 3aTpaT.
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Haubomee BocTpeOOBaHHBIME PECYPCAME ANMIAPATYPHI ABTOMATU3AIINY SBIISTIOTCS aHAJIOTO-
udpoBbie U HU(GPOAHAIIOTOBbIE TIPEOOPA30BATENH, PEMUCTPhI MUCKPETHOIO BBOIA/BBIBOIA, Te-
HEPATOPHI BPEMEHHBIX NHTEPBAJIOB, MYJIbTUIIEKCOPHI aHAJIOTOBBIX CUTHAJIOB, U3MEPUTEIN Bpe-
MEHHBIX THTEPBAJIOB, TPEoOPa30oBaTen KOI—CKBAaXKHOCTb.

Omnnako maxe mpu 6€rJI0M PACCMOTPEHUN CTAHOBUTCS SICHBIM, UTO OOMIBINTas YaCTh PAIHO-
TEXHUUECKUX YCTPOUCTB 3IEKTPOGU3NIECKIX YCTAHOBOK MOXKET OOCIIYyKUBATHCS HEOOIBIITNM
HaOOPOM YHUBEPCAIBHBIX KOHTPOJIIEPOB, 00MaaIOINX BceMn TpeOyeMBIMU pecypcaMm B pa-
3yMHOM 00BEMe. Hampumep, cuctema ympaBieHus a3epa Ha cBOOOMHBIX 3eKTpoHax NovoFEL
[3] comepxuT okoso 500 kanasoB yrpasierus 1 okoso 1700 u3aMepuTenbHbIX KaHAJIOB. BonbImast
JacTh KAHAJIOB yIPAaBJIEHUs W KOHTPOJIIS OOCITYKMBAET MAarHUTHYIO CUCTEMY, KOTOpas UMeeT B
cBoéM coctase 390 MATHUTHBIX 5JIEMEHTOB (JIMH3BI, KOPPEKTOPHI U TIP. ), MOJIYYAIOIINX THTAHUE
ot 390 ucTouHNKOB TOKa, uTo Tpebyer 390/780 kananoB yupasienus/KoHTpossa. Takum obpa-
30M, 10 80 % 5Tux KaHAIOB MOXKET OLITH PEAIM30BAHO CTAHIAPTU30BAHHBIMU yCTPONCTBAM,
OPUEHTHUPOBAHHBIMU Ha YIIPAaBJICHNE NCTOYHUKAMU TuTaHus. PaccMoTpeHHbBIE YCTPORCTBA, KaK
MIOKA3aHO BBIIIIE, 3aKPBHIBAIOT OOJBIIYIO 9acTh TOTPEOHOCTEN U APYTUX YCKOPUTEIBHBIX CIUCTEM.
Taxue 6;710Kku MOMXKHBI BKJIIOYATH B CBOI cocTaB 1-8 mudpoaHaloroBeIX KaHAIIOB, 4-32 aHAJIOr0-
nudpoBBIX KaHAIA U MO 4-8 MUCKPETHBIX BXOHNOB U BHIXOMOB. Hammume MUKpPOKOHTpOIEpa Ha
mIaTe aéT BO3MOXKHOCTB PEaIn30BaATh BBICOKOYPOBHEBBIE (DYHKITNN.

[Tpu co3manum Habopa ammapaTHBIX CPEICTB aBTOMATHU3AINU PEIIAJINCh CIEOYIOIIne
3aIavm:

— (opMUpOBaHME W ONTUMUBAINST HOMEHKIIATYPHI YCTPOUCTB;

— OIpeneseHne ONTUMAILHOTO HAOopa YHUDUITMPOBAHHBIX (QYHKIIUN yCTPOUCTB;

— aHAJIM3 BO3MOXKHBIX CXEMHBIX PEIIEeHUN U aPXUTEKTYPhI TOCTPOEHUS YCTPONCTB B TETTSIX
BBIPAOOTKI YHUBEPCAJIbHBIX PEIIeHU.

B kxadecTBe ceTeBoro mHTepdeiica HIXKHETO YPOBHS B HAYYHBIX ITEHTPAX UCIOJIb3YIOTCS Ca-
Mble pasable crapnapThl: Ethernet, CANbus, RS-485 — ¢ kakuM-11160 BBICOKOYPOBHEBBIM ITPO-
TokosIoM obMeHa [4-6]. Beibop uaTepdeiica 3aBucuT 0T MHOXKeCTBA (HAKTOPOB, KAK OOBEKTUB-
HBIX, TaK U CyOBEKTUBHBIX. /11 aBTOMATH3AIINN CUCTEM TUTAHUS U PA3TAIHBIX TEXHOIOT TIeC-
KIIX CICTEM 5JIEKTPO(U3MIECKIX YCTAHOBOK B KauecTBe ceTeBoro nutepdeiica Beiopan CANbus,
YTO OOYCIIOBIIEHO M3BECTHBIMU NOCTOMHCTBAMU CTAHOAPTA: BBHICOKOW HAMEKHOCTBIO, NeTePMU-
HUPOBaHHBIM BPEMEHEM MOCTABKU COOOITIEHUN, PaCTyIIEN MOMYJISPHOCTHIO 3TOTO CTaHOapTa B
MUPOBBIX (PU3UIECKUX ITEHTPAX.

Haubonee BocTpebGOBaHHBIME U3 Pa3pabOTAHHBIX YCTPOUCTB [JII COBPEMEHHBIX CHC-
TeM aBTOMAaTU3aIlNN YCKOPUTEIBHBIX YCTAHOBOK OKA3aJMCh MHOTO(MYHKIIMOHAJIbHBIE AHAJIOTO-
1 poBbIe KOHTPOIIIEPH. VX BHeOpeHUe MpeBpaIialo NCTOUYHUKN TTOCTOSTHHOTO U MMITYJTBCHOTO
TOKa B (DYHKIIMOHAIBLHO TIOJTHOE 0O0PYIOBAHME.

[Tpu pazpaboTke cemelicTBa aHAIOTO-IIU(PPOBLIX Tpeobpa3oBaTeieil ObIJIO MPUHSITO HE Pas-
MeNISITH €r0 Ha MPENU3UOHHbIE U OObIYHBbIe TpUIokKeHus. COBPEMEHHBIE MUKPOCXEMBI CUT'Ma-
IeTbTa-IIPeobpasoBaTers 00eCIeInBAIOT paspereHne nm3MepuTens no yposas 1076, a ucmoss-
30BaHMe KATIMOPOBKU aHAJIOTOBOTO TPAKTa M3MEPUTESIS TapaHTUPYET U BBICOKYIO TOUYHOCTD. AT-
mapaTHbIE U TPOTPAMMHBIE 3aTPATHI Ha OCYIIIECTBIIEHNE KaJInOPOBKI HEBEJIUKU.

[TocTpoenne mudpoaHaIOrOBLEIX IIpeodpa3zoBaTeell CBECTU K OMHOW YHU(UIIMPOBAHHON
CTPYKTYpe He yaajioch. B 6onbimucTBe mpuioxkennit paspertenne IIAIl Beie 16 6ut He HyX)-
HO 1 TPeGOBAHMS K CTAOUIBHOCTH BBHIXOIHOTO HAIPSIKEHHs He mpesbimaior 1074, mosromy mpn
CO3MTAHNT MHOTOKAHAJIBHBIX YCTPONCTB HMCIOIb3yeTCs KilacCrmdecKas CXeMa C eOIUHCTBEHHBIM
mpeobpas3oBaTesieM U HECKOJIBKIME 3aIlOMIHAIOIINME YCTPOMNCTBAME. JTO PEIIeHne MPeIcTaB-
jsleTcst Hanbosee SKOHOMUYHBIM [3].

OmHako BO MHOTUX 3JIEKTPOMDU3UIECCKUX YCTAHOBKAX MMEIOTCS YCTPONCTBA C MOBBIIIEHHbI-
Mu TpeGoBaHmaME K cTabmiteHocTH (M0 107°) 1 paspermarommeit cioco6roctn (18-20 6ut). Do,
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Puc. 1. Opranmsanns npenu3noHHOro nudpoanantorosoro npeotbpasosarens (Uoy —
OIIOPHOE HAIIPSIKEHIE )

KaK MPaBWJIO, NCTOYHUKN TUTAHUS, OIPENESISIONINe IPUHININAIbHBIE BO3MOXKHOCTI yCTAHO-
BOK. 1 MOCTpOEHMST NMpenn3nOHHBIX MU(GPOAHAIOTOBBIX IIpeobpa3oBaTesell B HAIIUX pa3pa-
6oTkax ObLTa mCIOIb30BaHa Mukpocxema curma-nenbra-LIIAIl DAC1220. Yupoménnas cxema
1 poaHaJIOrOBOr0 TpakTa mpuBemeHa Ha puc. 1. Ha cxeme obparriaroT Ha cebs BHIMaHIE IBE
HETHUIINYHBIE KOHCTPYKIIMU — IIPOMEXKYTOUHBIN yeunurenb (Al) u KoMMyTupyeMble EMKOCTH.
YTo KacaeTcs MepBOTO CXEMHOTO PEIEHUs, TO OHO BBI3BAHO TE€M OOCTOSTETHCTBOM, UYTO MUK-
pocxema ITAIT mmeer BrIxOmHOI Kackan Tuia rail-to-rail. TeopeTnuecku Takoll BBIXOI MOXKET
BBIIABATH HAIPsDKEHUE OT «3eMJINy» N0 HalpsKeHus nmuTaHus. [[pakTudaeckum ke JTUHETHOCTH
rapaHTUPYETCs MJIs BBIXOMHOTO HAIPSIXKEHUS, OTCTOSIIETO OT MOTEHITNAJIOB MUTAHUSI U 3€MJTI
He MeHee ueM Ha 20 MB. Kommencanus «kpaeBbix 3(p¢GeKTOB HIKAIBI> OCYIIECTBIISIETCS KOMOU-
HIPOBAHHBIM CITOCOOOM. MUKDPOKOHTPOJIIIED YMHOXKAET KO, 3aHOCUMBIA B Mukpocxemy [TATI,
Ha BenmuuHy 1 — 1/127 (uudpoBoe «c:KaTues BBIXOMHOTO NUAIA30HA). 3aTeM ycuiurensb Al
«pacTATrUBaeT» MIKAy aHAJIOTOBBIM 0Opa3oM, KoMIeHcupys nudpoBoe cxkaTtue. [1ocKombKy Ko-
shunumenT ycuseHust coctasiuser Bcero 1 + 1/127, To maxke mpu UCIOIB30BAHUE HEIOPOTUX
pesuctopoB Ttuma C2-29 ux BkIamI B Apeild BBIXOMHOTO HAIPSIKEHUS TPEHEOPEKNMO Majl.

Bropas HeTunmuHasi KOHCTPYKIIUS BBI3BaHA CIIEOYIOIIAM OOCTOSTEIHCTBOM. PaszMax BbI-
xomuoro Hampskerus Mukpocxembl LIATT cocrasmser 0-5 B, a cranmapTu3oBanHas IIKAIa I
AHAJIOTOBBIX CUTHAJIOB pa3pabaThiBaeMbIX ycTpoiicTB npuHsaTa +£10 B. Taknm obpaszom, BEIXOO-
wvoit curaasr mukpocxeMbl [TAIl myx)HO ycumuTs B 4 pasa u cmenaTh ounosnspubiM. HanGosee
HKOHOMIYHBIM CIOCOOOM € TapaHTUPOBAHHON TOYHOCTBIO IIPeoOpPa30BaTh CUTHAJ MUKPOCXEMEBI
nnhpoaHAIOrOBOIO IIpeobpa3oBaTe/Is B HYXKHBIN BBIXOMHOU pa3Max IIPENCTaBIISeTCS CHCTeMa
TaK HA3BIBAEMBIX JIETAIOIINX EMKocTeil>. Emkocts C'1 sapskaercs ot Bbixoma ITATL, a 3aTem
TIOIKJTFOYAETCSI TTOCIIEOBATEILHO ¢ ATUM HampsikeHrneM K émkoctu C2. [locite HeCKOTbKUX 1IUK-
JIOB TIEpPEeHOCa 3apsiia HampshkeHue Ha éMKocTu C'2 paBHO YIBOCHHOMY HAIPSKEHUIO C BBIXOIA
yemnurens Al. AHamorndabiM 06pa3soM BBIOIHSETCS. MHBEPCHSI BBIXOMHOTO CUTHAJA (HA CXeMe
He MOKa3aHo). JlOCTOMHCTBA TAKOTO METONA 3aKIFOUAIOTCS He TOIBKO B IEIEBU3HE Deain3a-
WU, HO U B OTCYTCTBUU 3JIEMEHTOB HONCTPONKHN IPU HOTPEITHOCTU IPeoOpa3oBaHUs CUTHAIA
nopsanka 0,0001 %

[TpuBenéuHbIe TPUMEPHI WLTIOCTPUPYIOT TOT (DAKT, UTO HPU paszpaboOTKe CXEeMOTEXHUKI
YCTPOUCTB 0co00e BHIMAHUE YIEISJIOCh MUHUMUI3AINN HACTPOEUHBIX ONEPAITNi, TEXHOIOT Y-
HOCTU MIPOM3BOACTBA U TOIAEPXKAHIIO BBHICOKIX METPOJOTMYECKNX XapAKTEPUCTUK IPU MUHU-
MaJIbHOM KOJIMYECTBE MPEIN3NOHHBIX 3JIEMEHTOB B cXeMaX. B 4acTHOCTH, aHAJI0ro-1udpoBOil 1
HPOAHAIIOTOBBIN TIPe0OpPA30BATENN He UMEIOT TOACTPONKN «HYJIA»> (9TO rapaHTUPyeTCs Me-
XaHU3MOM KaJMOPOBKNU), MOACTPONKE TpebyeT Tolbko Macuitab mpeobpasoBareseit. Bo muo-
THUX CIyYasX CXeMOTEXHUYIECKIEe METOMIbI COUeTAINCH ¢ MupoBbiMu. Tax, HAIpuUMep, TOYHOCTH
nrdpoaHaAIOTOBOTO IIpeobpazoBaTes MOBLIIAETCS MPOrPaAaMMHBIM 00pa30M: MHUKPOIPOIECCOD
m3MepsieT BBIXOMHOE HAIPSKEHIE M BHOCUT MOMPABKU B 1udpoBoit Ko s MukpocxeMbl [TATI.
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ITapameTp Suauenne
MIkama AT u ITATI 10B
A6comoTHas norpemsocts AIITT 0,002 %
Temmneparypuas crabmwisaocTs ATITT 1 ppm/°C
AGcomoTHAs IOrpeIIHOCTL npenusunorsoro ITATT 0,002 %
TemnepaTtypHas cTabuiIbHOCTD Tpenu3unoruoro [TATI 1 ppm/°C
PaspsamaocTs mpernusuonnoro ITAIL 21 o6ut
A6GComoTHAs OrPeIHOCTh MHOroKaHabHoro IIATI 0,03 %
Temmneparyprast cTabuIbHOCTH MHOrOKaHarbHOTo [TATI 10 ppm/°C

OcHOBHBIE TTApAMETPHI pa3paboTaAHHBIX ITN(PPOAHAIOTOBLIX U aHAJIOTO-ITI(PPOBBIX CTPYKTYP
TIPUBENIEHBI B TaOIATIE.

DyHKIIMOHAIBHBIE BO3MOXKHOCTU. ECiu paHbIlle MOLYJIN 7Sl aBTOMATU3AINN TPAKTU-
YECKN TOJIHOCTBIO XapaKTEePU30BAIICH HEGOIBINON TabIuieil mapaMeTpoB (paspelenne, Tou-
HOCTh U OBICTPONENCTBHE MpeobpasoBaTesieil) U CTAHOAPTOM UCIOIHEHUsS, TO CErOMHs OY€Hb
BaKHBIMU SIBJISIOTCS (DYHKIMOHAIBHBIE BO3MOXKHOCTH YCTPOUCTB, &JITOPUTMBI B3aNMONENCTBUS
C CHCTEMOIl YIIPaBJICHUS, TPOTOKOIILI 0O6MeHa. COOTBETCTBEHHO IPHU Pa3pabOTKe KOMIIEKTA MO-
IIyJIel 3TUM MOMeHTaM ObIJIO yIejeHO 0ocob00e BHUMAHNE.

[TpoTOKOIBI BEICOKOTO YPOBHS OIPENEISIOT MPaBmiIa MOCTYIa K CETU U METOObI OOMeHa MH-
dopmarmeii ¢ ynpasstorimmu OBM. Orn Hukak He cnenmuduupyoT CBONCTBA U QYHKITIH KOH-
KPETHBIX ycTpoicTB. Hepenko pa3zpaboTdmku, cTapasch COXPAHUTb MAKCUMYM BO3MOXKHOCTEN
CBOEro yCTPOMCTBa (M COKOHOMHUTBH BPEMsT HA PaspabOoTKy), MPENOCTABISAIOT I YIIPABICHIUSI
HETIOCPENCTBEHHO PETUCTPHI MUKPOCXEM, ITPENIIOIIaras, ITO BCE CIIOKHOCTHU OyoyT CIPSTAHBI BO
BHEIITHUX OpaiiBepax u 6ubauorekax. Onnako coppemennbie Mukpocxembl AT, ITAII u npyrue
momoOHbIe B oOpaliieHnn Ype3Bbraaiiuno cinoxkubl. He camast cnoxmas mukpocxema ADS1210, mpu-
MeHseMas B OOJTBIITMHCTBE OMMCHIBAEMBIX KOHTPOJJIEPOB B KAYECTBE AaHAJIOTO-IIM(PPOBOTO TIpe-
obOpasoBaTers, cocTonT mn3 16 permcTpoB, U3 HUX YeTHIpe comepkKaT OMTOBBIE (PIarm, KOTOpHIE
BJIUSIIOT Ha pabOTy yCTPOUCTBA.

st pukcupoBaHHOTO HaOOpa WMHTEPGHENCOB U MPOrPAMMHBIX CPEIl CO3MaTh HAOOp Mpaii-
BEPOB 1 OUOMMOTEK BO3MOXKHO, XOTS B CHUCTEMaX YIPaBIEHUS 3JIEKTPOGU3NIECKIMU YCTAHOB-
KaMU UCIOB3YIOTCA PA3IMYHbIE ONMEPAITMOHHBIE CUCTEMBI, CPENBI TPOTPAMMUPOBAHNS, CETEBBIE
nHTepdench 1 00pa3yeTcsl CIUIIKOM MHOTO KOMOWHAIIWI C HECOBMECTUMBIMU OMOIMOTEKAMU.
Kpome Toro, kak mokasblBaeT ONBIT, caMble TOOPOOHBIE OMUCAHUS YCTPONCTBa HE MOTYT BOC-
MPENSITCTBOBATH HEMPABMWIILHON paboTe ¢ MUKPOCXeMaMi HU (U3UKY, MUIITYIIIEMY ITPOTPaMMBI,
HI, TeM Oostee, TPodPecCuoHaTLHOMY porpaMMucTy. VI xoportio eré, ecian ormmbKa TpUBOOUT K
HEeIIpaBUILHOI paboTe, 5To ObICTPO oOHapyxkuBaeTcda. Ho, manpumep, mukpocxeme AIIIT moxuO
yKa3aTh HCIOJIB30BATh BHYTPEHHUI MCTOYHUK OIMMOPHOTO HAIPSKEHUS BMECTO BHeITHero. [Ipu
3TOM M3MePUTeNsb OymeT paboTaTh BIOJIHE KOPPEKTHO, TOIBKO TEPMOCTAOMILHOCTD 3HAUNTEIb-
HO moHM3UTCs. Takue omubOKM KpaitHe TPYOHO BBISBUTH. Hamboee KOppEeKTHO OOpAIIATHCS C
perucTpaMm MUKPOCXEMBI MOXKET TOIBKO pa3paboTunK YCTPOUCTBA.

OcHoBHBIE QYHKIINY YCTPORCTB CUCTEM aBTOMATH3AINE 3TIeK TPOPU3NICCKIX YCTAHOBOK 10~
CTATOIHO XOPOITIO OMpPEeNeIeHbl, TTOTOMY OBIIO TPUHSITO PEIleHne OPraHn30BaTh MOIb30BATETIO
He (u3mueckme pecypchl, a BUpPTyaJbHBIE. MUKPOKOHTPOIIEP MPENOCTABIISIET YIIPABIISIOIICH
ceTu HaOOp CTaHOAPTHBIX (QYHKIWMN IS KaXIOTO Pecypca HEe3aBUCUMO OT THIIa UCIOJIb3ye-
MBIX MUKPOCXEM M KOHKPETHOW CXeMOTeXHUKU. Peanu3yeMble PYyHKIIUM MOXKHO pa3Ne/lUTh Ha
nBa 650Ka: GYHKIIAYW OOIIEeT0 Ha3HAYEHUS I TUNUIHBIX TPUIOKEHNN U CIENNAIN3NPOBAHHBIE
(yHKINYM, OPUEHTUPOBAHHBIE HA TTOTPEOHOCTH 3IEKTPOPU3NIECKIX YCTAHOBOK. PaccMoTpuM B
KadecTBe IIpuMepa HeKOTOpble QYHKINN IU(GPOAHAJIOTOBBIX ITpeoOpa3oBaTesIeil.
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dyHKIMen 00IIIero Ha3HaYeHUs U POAHATIOTOBOTO TPEOOPA30BATES SIBISIETCS BhIIaUa Ha-
IpsKeHus T0 KoMaHue yrpasisiorieit OBM. Bénburas gyacTs ob6opymoBanus 31eKTpopu3nmtiec-
KX YCTAHOBOK He HaJlaraeT OCOOBIX TpeOOBaHWI Ha CKOPOCTH M3MEHEHUs YIPaBIISIOIIErO Ha-
npsokernst [2]. OmHAKO CYIIECTBYIOT IPOLECCH], TPeGOBATEIBHBIC K CKOPOCTU M3MEHEHUS 9THX
HaIPSRKEHNN WM K UX CUHXPOHHOCTH, B YACTHOCTU IIPOIECC YCKOPEHUs 3aPSIKeHHBIX JaCTHI] B
IUKJIMIECKIX YCKOPUTEIIX. B mporecce yckopeHus Bce MArHUTHBIE 3JIEMEHTHI YCKOPUTETHEHOTO
kosbiia (or 100 mo 1000) mOMKHBI IEPEeCTPANBATEHCS CHHXPOHHO. [IJIsl MCIOIB30BaHUS B TAKIX
IPUJIOKEHUSIX BCe IMU(MPOAHATIOTOBEIE ITpeobpa3oBaTeIn pa3pabOTaHHBIX YCTPOUCTB COMepPXKAT
MEXaHU3M INeHepaIllN BBIXOMHBIX HAIPSXKEHUN, (GOPMUPYEMBIX METOIOM JIMHENHON MHTEPIOJs-
MU 13 MACCUBA MPOMEXKYTOUHBIX TOUEK. DTO MO3BOJIsIET M30ABUTHCS OT MEPECHIIIKU OOJIBIIIOrO
00BbEéMa mHpOPMAIINT TI0 CETH.

Amnasmoro-tudpoBoit mpeobpa3oBaTeb TaKKe SBIIETCS MHOTO(YHKIMOHAILHBIM YCTPON-
ctBoM. CaMBbIll BOCTPEOOBAHHBIN — PEXUM MHOTOKAHAJIBHBIX M3MepeHuil. B aToM pexxumme Muk-
POIPOIIECCOpP TTOOUEPEMHO TTOMKIIOYAET K IMPeoOpa30BATENI0 ONMH W3 BXOMHBIX KAHAJIOB, 3aIl0-
MUHAeT U3MEepeHHOe 3HAUYeHUe BO BHYTPEHHEN MaMsITU U, €CIU yCTAHOBJIEH COOTBETCTBYIOIINN
drar, aBTOMATUYIECKN BBICHIJIAET M3MEPEHHOe 3HAUEHNE B JIMHUIO CBs3U. [[JIs MOCTUXKEHUs BBI-
cokolt TouHocTu 1 xoporrero (80 nb) momaBIeHUs CETEBBIX IMOMEX YacTOTa MUCKPETU3AINN B
TOM pexume He mpesbimaeT 50 ['m.

st meTaTbHOW AUATHOCTUKU OOHOTO KaHaJla HEPEOKO TpebyeTcs OCHmMIIIorpaduaecKuit
pexum c noBbieHHo 1m0 1 k['m wacTtoroit nuckpermsaruu. Vcnomb3oBaHue m3MepuTesis U B
KauecTBe OCHUIIOrpadruiecKoro KaHaja MPeNCTaBIseTCs SKOHOMUYHBIM pelleHueM. Peammsa-
17st HTOro pexknma Bo Beex yerpoicrax ¢ ALl mossonmuita coemaTs mepuonnaeckuit KOHTPOIIb
MyJIbCAIINN UCTOYHUKOB MUTAHNUS CTAHOAPTHOU NUATrHOCTUUYECKOU IIPOIENYPON Ha yCTaHOBKAX,
paspaboranubix 8 U5Id CO PAH [7, §]

Onucanabie PEXUMBI SBIISIOTCS PEXUMAME OOIIIEr0 HA3HAYEHUSI, UCTIOIB3YEMBIMI B CAMBIX
pa3nuuHbIX TpuiIokeHusx. CyiiecTByOT u 601ee creruuIHble PeXKUMbL. Briiite yrmoMuHaI0Ch,
YTO COBPEMEHHBIE YCKOPUTEIbHBIE KOJTbIIA UMEIOT OBICTPHRIN pabounit nuki. Kak mpaBuso, moc-
ne yekoperust 3a 50-500 Mc Komblo mepexomuT B dasy dKCIepuMeHTa (YyCKOPUTEIb Jis Ha-
YUHBIX HCCIIEOBAHUN) 60 B a3y MpUIOKeHWs (MCTOYHUK CHHXPOTPOHHOTO W3JTYYCHIS I
MEIUIMHCKUI KOMIUIEKC ). B 9Toil dase («momoukas) mydok 3apsiKeHHBIX YACTUI] TOJIKEH UMETh
BBICOKYIO CTaOWIBHOCTD CBOUX XapakTepucTuk. COOTBETCTBEHHO M3MEPEHUS MOCTOSHHBIX Ha-
IPSKEHNH TaKKe MNOJIKHBI 00eCreunBaTh BBICOKME METPOJIOTMYeCKre XapaKTePUCTUKN, ITO I
BBITIOJTHSIOT B M3MEPUTEIAX MUKPOCXEMBI HA OCHOBE CHUTMa-IefibTa-TexHojorun. OmHako mpu
oTnanKe pabodyero MUKJIa OUeHb MOJIE3HBIMU SIBIISIOTCS OCHIIIIOr padudeckne n3MepeHns B IIPO-
Iecce yCKOPEHUS, KOTOPBIe, eCTeCTBEHHO, MOKHBI CHHXPOHU3UPOBATHCS C PabOYMM IIHKJIIOM.
OO6BIYHO TaKuMe W3MEPEHUS TPOU3BOMATCS INO0 CHEIUATILHBIMEI OTIANOYHBIMUA CUCTEMAMU, JIU-
60 MeHee TOUHBIME, HO Gosee GuicTpeivMu ALLIT [6].

I7ist OlleHKM KadecTBa M3MEHSIOIIETOCS CUTHAJIA UIUTETHFHOCTHIO MEeCITKN MUJITICEKYH]T
yacToTa m3Mepenunt 1 xI'11 BIosiHe mocTaTouHa, IPUIEM B Psifie TPUIIOKEHUN TpebyeTcss TOTHAas
CHHXPOHM3AIs IIporecca n m3Mepenuii. IloaTomy B ycTpoiicTBa ObITT BBENEH PEXKMM «COIPO-
BOXKIeHUE (ailiax», B KOTOPOM 3aIlyCK Iporecca (OpMUPOBAHNS BEIXOIHOTO CUTHAJIA I(ppoaHa-
JIOTOBOT'O TPeoOpPa30BaTesIst B COOTBETCTBUAN C MaHHBIME B (daiijle aBTOMATUIECKN MHUAIIIIPYET
HavaJ0 M3MepeHn BEIOpaHHOrO KaHama. [I[pn 5ToM m3MepeHuUs: He mepenaloTCs B JIMHUIO, a 3a-
IIOMUHAIOTCS BO BHyTPEHHEN MaMsITH yCTPOUCTBA.

Kak ynmommnamocs BbIlle, ob30BaTENb paboTaeT He ¢ GU3NIECKIMI PecypcaMu, a ¢ BUP-
TyaJibHBIMU. 71T cAMBIX TMPOCTBHIX MPUIOXKEHUN MPOrPAMMUCTY HYXKHO 3HATH BCETO JIUIIb IO
OIHON KOMAaHE IS KayKIOT0 UCIOJIB3YEMOTO Pecypca, IPpUIéM yCTPONCTBa Haxe He HYKIaloT-
¢Sl B MHUINAIIM3AINOHHBIX IPOIENypaxX. DTO 3aIPOC M3MEPEHHOIO HANIPSIKEHUST Ha KAKOM-JTn00
BXOIIHOM KaHaJle, yCTAHOBKA HAIPSKEHUs Ha N(GPOAHAIONOBOM BBIXOE U 3allUCh/ITEHNEe DEru-
cTpoBOro nopra. lanHble KOMAHIBI NOEHTUYHHI [IJI1 BCEX MOMYJIEH, COMEPKAIIINX COOTBETCTBY-
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Majtomorsste ncrounuxu (214) Mornsste ucrounuku (210)
MPS || MPS || UM6 || UM6 IST IST IST IST
CEAC| [CEAC| |CEAC| |CEAC ITAIT | | AT | | ITAIT | | ITATX

CANGW CANGW
K BakyyMHOMY IOMeITICHIIO \/ \/ K BY-nmomernennio

/\_/\KOMM}ITaTOp

ITomerienue QUArHOCTUKNA 3) IITHBIE MCTOUYHIKN (208)

GVI8 | | SLIO || CAC || CIPP GVI PKS GVI PKS
BU-

Hpaii- | | cras- | | IIpo6-

BEpLI s HUKHI PP GIMN| [GIMN | [GIMN| | GIMN

Puc. 2. Biok-cxema, ABTOMATU3aINN YCTAHOBKU TEXHOJIOTMYIECKOI'O HAKOIIUTE/IBHOI'O KOMILJIEKCA

IOIIIe€ PECYPCHI, U HE 3aBUCIT HU OT KOHKPETHOW CXEMOTEXHUKU, HU OT THUIIA TPUMEHEHHBIX
MUKPOCXEM.

HIupokoe ucmonb3oBanme pa3paboOTaHHBIX YCTPOUCTB MPUBENIO K U3MEHEHUSIM B MOCTPOE-
HUU CTPYKTYPHBIX CXEM aBTOMATHU3AINN 3IEKTPOPU3NIECKUX YCTAHOBOK. B mporecce 3BOITIO-
un Uactutyt snepuoit pusuku CO PAH npummén x crmemyrorreit cxeme. HeGonbimue kiacTepsb
onHOpomHOro obopymoBanust (5-30 y37I0B), PACIOIOKEHHOTO, KAK MPABUJIO, B OTHOM IOMEIIe-
HIU, OOBEIUHSIOTCS TIOJICBON IIIMHOW U TIOCPEICTBOM MHTEIICK TYATLHOTO MOCTA COEOUHSIOTCS C
yupasisiomeit cerbio yeranoBku (Ethernet). OGbI9HO BO3ZMOKHOCTH UHTEIIEKTYAIBLHOTO Y37Ia,
KOTODPBIN COMEPXKUT B CBOEM COCTABE MOBOJILHO MOIIHBIN IIPOIECCOP, 3AIENCTBOBAHBI HE TOJIb-
KO IJIs peTpaHciadanuu u OydepupoBaHUs COOOIIEHUN, HO U Ui peajin3anuu 00Jiee CIOXKHBIX
dyukiui. Creqyer OTMETUTD, YTO aHAJIOTWIHBIN MOAXON BCE YAaIlle UCIOIb3YEeTCS U B APYTUX
MUDOBBIX HayudHbIX IHeHTpax, Takux Kak CERN (IIseiimapus) [9], DESY (Iepmanus) u mp.
Ha puc. 2 B xauecTBe mpuMepa TAKOro MOCTPOEHUs MPUBENEH (GPArMeHT CTPYKTYPBI aBTO-
MATH3AIIN YCTAHOBKE TEXHOJIOIMYECKOrO HAKOMUTEIbHOro KoMmiuiekca [10]. Bmech mokaszaHbr
JIOKAJIbHBIE CETU MOIIHBIX HCTOUHUKOB (210), muranus koppekTopos (214) m gpyrux cucreMm,
nonkrouéHusle MocTamu CANbus-Ethernet (CANGW) x cetn ycTaHOBKHI, K KOTOPOIl HOIKITIO-
yatoTcs u yupasisiomme DBM myabToBoi KoMIiiekca.

ITpumepsr npuMmeHeHus: pa3paboTaHHbIX ycTpoucTB. Cobmonenne OalaHca MeXIy
YHUBEPCATBHOCTBIO YCTPONCTB U UX CHEIIAIN3aInel TT03BOIMIIO0 00ECIeYnTh MAKCIMAIILHO IITH-
POKUI CIIEKTP MPUMEHEHn Kaxmoro Momysist. Kpome Toro, ucnons3oarue AIIIl u ITAII ¢ BoI-
COKUM pa3peIeHrneM HEe3HAUNTEIbHO YBeIMINBACT CTOUMOCTH M3MEPUTETHHOTO WM YIIPABIIs-
IOIIEr0 KaHasla, HO CYIIECTBEHHO PACIIMPSET MPOCTPAHCTBO BO3ZMOXKHBIX PEIIeHUN IS ITPOEK-
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TUPOBIIINKA CIUCTEMBI yIpaBieHnus. B qacTaocTH, Ha s1ekTpodusndecknx ycranoskax UAD CO
PAH npu xouTpOITe TeMmepaTypsl I0JIT0e BPEMst UCTIOIb30BAINCEH TTOIYIIPOBOIHNKOBLIE AT~
KU, TIOCKOJIBKY OHU 00jlee IyBCTBUTEbHEBIE. [[0sSBIIeHIIE HEMOPOT X N3MEPUTETBHBIX YCTPONCTB
C BBICOKOIl pasperaolieil CrocobHOCThIo (1o 10_6) IPUBEJIIO K MaCCOBOMY IIepexony Ha pe-
suctuBHbIe naTunku [11], koTopeie o6mamaroT Goiee MMPOKUM TEMIEPATYPHBIM [TUATIA30HOM
7 PAOUAIMOHHON CTOMKOCTHI0. CHCTEeMBI TEPMOKOHTPOIIS, CO3MaHHbIE Ha 6a3e pazpaboTaHHBIX
YCTPOUCTB, 00eCIEUNBAIOT PA3PEHIAIOTyI0 CIIOCOOHOCTH IO 1073 rpaj, cOXpaHss OTHOCHTEIHHO
HEBBICOKYIO CTONMOCTH M3MEPUTEITHFHOTO KaHaJA.

CrekTp npuMeHeHn ! pa3paboTaHHBIX YCTPONCTB MOXKHO MPOUJIITIOCTPUPOBATE HA IIPUMEDE
OTHOCHUTEILHO HemaBHO co3nanuoro ycrpoictsa CEAC124. OHo npenocTaBiser mojib30BaTETIO
CJIENTYIOIINE PECYPCHL:

— 12 muddepermmanbubx sxonos Al ¢ paspemtenmem no 1079,

— 4 BeIXONMa 16-paspsamHoro mudpoaHaIoroBOro Mpeodbpa3oBaTes;

— 4 PerucTpoBBIX BBIXONA € ONTUYIECCKOU M30IAINEN;

— 4 PerucTpoBBIX BXONA C ONTUYECKON M30JIAINEN.

Haubomnee pacmpocTpaHEHHBIM TPUMEHEHHEM 3THUX KOHTPOJLIEPOB SIBISETCS yIPABIIEHUE
UCTOYHUKAMU TOKA sl TIATAHNS MATCHUTHBIX SJIEMEHTOB 5JIEKTPOQU3MUECKUX YCTAHOBOK [3].
O6braro 51O 1-, 2- UM 4-KaHATBHBIE UCTOYHUKN TOKA, MIPOU3BOMUMBIE MPEUMYIIECTBeHHO WH-
crurytom spepHoit ¢dusuku CO PAH. Ilpu sToM peanu3yoTcs Bce aHAOTOBBIE U II(PPOBBIE
pecypchl yCTPOUCTBA.

NuTtepecuo ormeruts ucnonb3oBarnne CEAC124 mis ynpaBieHus UCTOYHUKOM MUTAHUS
MarauTopa3psanubix HacocoB BUII-27, paspaboramubix u mpomsBenéuubix OO0 «KBCT»
(r. Beibopr). B mansoM npuiozkennu texsonorus curma-nenbra- Al Beirmsout BecbMa ymecT-
Houl. Ha MHOrUX 3rekTpodmn3niecknx ycTaHOBKAX BeJIMUMHA BaKyyMa (PaKTUIECKN ONpPeNertseT-
cs. M3MEepEeHNeM TOKOB MarHUTOPAa3PSIHBIX HACOCOB. T'OUHOCTH mM3MepeHUs TOKa MOXKeT OBIThb
HeOOJTBIIION, OMHAKO MWHAMUYECKUN OUaNa30H CUTHAJIa OOBOJIBLHO 3HaunTeseH. [Ipmmenenme
CEACI124 maér BO3MOXKHOCTB IIPU BBIXOMHOI IIKaJje ncrounnka 10 MA obecrnednTs paspeleHne
10-20 HA B enuHOM mUAMA30HE.

Kpome obcmy)uBaHusS OTHOCUTEITEHO OMHOPOMHBIX MHOTOKAHAJIBHBIX CUCTEM, YCTPONCTBO
XOPOIIIO BIHICHIBAETCS B HECTAHIAPTHBIE KOMILIEKCHL. B KadecTBe NprMepa MOXKHO IIPUBECTH
CHUCTEeMY YTIPABJIEHUS JIEKTPOHHO-JIYI€BOIl MYIIKON Jia3epa Ha CBOGOMHBIX dIeKTpoHax [12]. B
naxaoM nputoxkennu 6510k CEAC124 ynpagiseT pasIndHbIMI UCTOUHIKAMIE TUTAHUS (HaKasa,
KaTONa, MOIYJIITOPA), U3MepPsIeT UX HAIPSKEHWUs I TOKU B HArpyskax. Mcmonb3yercs Takxke u
IUCKPETHBI BBOMI/BBIBOM. [I0CKOIBKY BCs KOHCTPYKIWS «IOaBelieHas Ha notenuaie 300 kB,
TO CBSI3b C CHCTEMOHN YIIPABJIEHUS OCYIIIECTBIIETCS Uepe3 NONOTHUTEIHHYIO ONTHYECKYIO Pas-
BsI3Ky. JTOT NPUMED IMOKA3BIBAET, UTO Maxke HeOOIIBIIoe YHUBEPCAIILHOE YCTPOWCTBO MOYXKET
YOPaBIATH IO TMOICUCTEMON, €Cliu HabOP PECYPCOB YCTPOUCTBA CcOATAHCUPOBAH.

B mekoTopbeIx mpuioxkeHusx TpebyeTcs (yHKINOHAILHOCTH, HE peajin30BaHHAsI B CTaH-
napTHOM Habope 670koB. B mMOmoOHBIX ciiydasx OOBIYHO YIAETCs BMECTO pa3pabOTKU HOBOTO
yCTPOCTBAa MOIUMPUIIIPOBATH MPOTPAMMHOE OOeCIIeUeHne CyIIecTBYoIero. Tak, B yCTPORCT-
Be HVT ycranoBku smekTpoHHOTO oxnaxnenns cuaxporporna COSY [13] mist Momysisiium 51ekT-
POHHOTO IIYYKa B CTAaHOAPTHBIN OJIOK OBII «BIUCAH» IIPOrPAMMUIPYEMBIN TeHEPATOP CO CIIEI-
raeckuMu QYHKITUSIMIU.

Annapatypa ynpasnerus kommiekca BOIIII-4, sumonuennas B crannapre KAMAK, no-
KazaHa Ha puc. 3, a. Yupasisemoe obopynoBanue (ncTouHuky nuranus, BY-remepaTopsr u np.)
pacnosioxkeHo B apyrom mnomertienuu. Ha puc. 3, b mpuBeneHbl COBpeMEHHBIE CTOWKN TUTAHUS
MarHITHOHN CHUCTEMBI jT1a3epa Ha CBOOOMHBIX 2JIEKTPOHAX — 192 KaHaIa MaIOMOIIIHBIX ICTOYHH-
KOB TOKa U CTOWKa ympasyienus 2500-aMIepHbIM NCTOYHNKOM MMUTAaHUs BUTTIIEpa. AnmapaTypa
YIPaBIIEHUs] 1 KOHTPOJISI PACIIOIATraeTCs HEMOCPENCTBEHHO B CTOMKAX MCTOYHWKOB ITUTAHUS U
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Puc. 3. Crapslil 1 HOBBII CTHIIN ABTOMATU3AINY yCKOPUTEIBHBIX YCTAHOBOK: AllllapaTypa aBTOMa-
rusanuu #a BOIII-4 (a) u croiiku ncrounukos nuranus JICO (b)

00BEeNMHSIETCS ¢ CUCTEMON YIIPABJIEHNS eIMHCTBEHHBIM KabeseM. JIukBumanms m306uims BHEIII-
HUX TPAacc, IPOMEXKYTOUYHBIX Pa3bEéMOB U KJIIEMMHUKOB HE TOJIBKO yICIIeBIseT CUCTEeMy, HO 3Ha-
YUTEIbHO MOBHIIAET €€ HaOéKHOCTD U CHIKAeT DKCITyaTaIllOHHBIE 3aTPATHI.

3aksrouyenue. B nannoi paboTe mpencTasieH HaOOP YHUBEPCATBHBIX MHOTO(YHKITIOHATb-
HBIX YCTPOICTB, IIpeNHA3HAUEHHBIX U1 IOCTPOEHUS CUCTEM aBTOMATU3aIuN dJleKTpodusndec-
KX yCcTaHOBOK. OCOOEHHOCTBIO 9TUX YCTPOUCTB SIBIISETCS KOMOMHUpOBaHUE (QYHKIIUNA OOIIe-
o Ha3zHa4dYeHUs, 00eCeunBaOINX JIETKYI0 MHTErPAlllio B TUNNYHBIX [IPUJIOXKEHUIX, U Habopa
(pyHKIIUY, OpUEHTUPOBAHHBIX Ha clenu@uueckue NOTpeOHOCTU CUCTEeM YIIPABIIEHUS 2JIEKTPOdU-
3UYECKIMUI yCTaHOBKAMIU.

Paspaborannble ycTpoHCTBa SBISIOTCS OCHOBOH CHCTEM aBTOMATU3AIINMI MHOTHUX 3JIEKTPO-
bU3MIECKUX YCTAHOBOK, co3maHHbIX B UMucTuTyTe simeproit dusuku CO PAH (BODIIII-2000,
BOIIII-3/4, Jlasep Ha CBOGOMHBIX SIIEKTPOHAX) U B IPYTUX HAYUYHBIX [eHTpax, Taknx kak HUI]
«Kypuarosckuit Uacturyts, O6benuuéHHbIN MHCTUTYT sinepHoil dusuku (r. Hy6ua, Poccus),
KAERI (Kopes), IMP (Kurait), FZJ (epmanust). Kpome Toro, ux ucrnombp3oBaHme 3aIaHnpO-
BAHO B psfie IPYTUX MEePCHEKTUBHBIX IIPOEKTOB.
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